To set up a game definition we follow Deterding and colleagues:
Whereas paidia (or "playing") denotes a more freeform, expressive, improvisational, even "tumultuous" recombination of behaviours and meanings, ludus (or "gaming") captures playing structured by rules and competitive strife toward goals. Along those lines, classic definitions in game studies state that gaming and games -in contrast to playing and toys -are characterized by explicit rule systems and the competition or strife of actors in those systems towards discrete goals or outcomes [42, 60] . (Deterding et al., 2011) .
Serious game has been defined by Sande Chen and David Michael as a game "in which education, in its various forms, is the primary goal rather than entertainment" (Michael, 2005) . Interestingly, it has been argued that videogames have properties that make them adequate learning platforms (Gee, 2003) . However, as noted by Brougère (2012) , this definition forces one to play with games limits/definitions. Indeed, the expression serious game is often considered an oxymoron (Djaouti, 2011) . This implies that a game can only be for fun. However, one intriguing observation is that play is largely distributed in the animal kingdom (Burghardt, 2005) . Given that play involves a significant investment of resources (time, energy, etc), its maintenance during evolution suggests that play has compensatory -positive -effects on animals. Therefore, although individuals engage in play only for their personal reward -fun -it can be argued that a positive impact, besides fun, could be the reason for play to have been selected during evolution. It is impossible to make a definitive demonstration of that positive link but at least it strongly suggest that benefits of play cannot be excluded. Therefore, we should be able to consider serious games, whether they have been developed for fun only or not.
Among videogames, in the field of science, a striking example is the game Foldit , Good 2011 . The Foldit project is a datagame (Alvarez 2018) . It presents itself as an online 3D jigsaw puzzle in which players are invited to shake and wiggle the 3D structure of proteins to find their most stable conformations . Interestingly, Foldit has been rapidly used for teaching with great success (Franco 2012) .
It therefore appears important for our project to adopt a definition of games that encompass serious games. To do so, I decided to use the definition coined by Juul. The game definition proposed has 6 points: 1) Rules: Games are rule-based. 2) Variable, quantifiable outcome: Games have variable, quantifiable outcomes. 3) Value assigned to possible outcomes: That the different potential outcomes of the game are assigned different values, some being positive, some being negative. 4) Player effort: That the player invests effort in order to influence the outcome. 5) Player attached to outcome: That the players are attached to the outcomes of the game in the sense that a player will be the winner and "happy" if a positive outcome happens, and loser and "unhappy" if a negative outcome happens. 6) Negotiable consequences: The same game [set of rules] can be played with or without real-life consequences (Juul, 2010). This definition opens up the possibility to define serious games, games developed with an utilitarian goal in mind, in addition to fun.
The entertaining and utilitarian objectives may however be contradictory, leading serious games to be, more often than not, less than optimal in at least one of the two dimensions (Baaden, 2017) . Indeed, Brougère (2012) shows that there is an inherent tension between the two natures of this dual object -the tension being more or less depending on the cases. Coming back to the definition of a game given by Juul, we need to take into account the diversity of players. A game can be considered a game even if not all players enjoy it, as noted by Triclot (2017) . In the case of a game used for another purpose, other than fun, it allows us to consider it to still be a game, even if some users are constrained to use it and, as a consequence, do not have fun.
To analyse properly the situation it will be necessary to shift from an analysis based on the game, to an analysis based on play (Triclot, 2013) . Play will be considered here on an individual level. That will allow us to analyze test situations and identify the emergence of play in the game. To do so we need to be able to identify play behavior in the context of the serious game. We will use the definition of play coined by Burghardt which is based on five criteria (Burghardt, 2011) : 1) not fully functional in the form or context in which it is expressed; 2) spontaneous, voluntary, intentional, pleasurable; rewarding, reinforcing or autotelic; 3) differs from strictly functional expressions of behaviour; 4) performed repeatedly in a similar, but not rigidly stereotyped, form; 5) behaviour initiated when the animal is adequately fed, clothed, healthy, and not under stress. It should be noted here that the fourth criterium on repetition might be an issue in our analysis given the limited cumulated observation time.
The consequence is that we should analyse a series of game usages and look for the presence of play. In order to facilitate the analysis I propose to also change scale and look at the tension between seriousness and fun on the game element level. More specifically the focus of our attention is on tangible elements of the games.
The question that can be asked here is how the presence of a tangible element can alter the tension between play and non-play in a serious game. Does the tangible element of the game allow play to emerge in a serious game? Is it favourable to the serious objective or detrimental?
The studied game
We are using here the app 'Pangu, a short story of life' as available in the Google play app store (Baaden, 2017) . The students are asked to download the app and are provided with molecular ball and stick kits. 'Pangu' is a game designed for undergraduate students, with biochemistry as the utilitarian objective, and the origin of life as a game theme. The students are asked to play the game on their smartphone, which in turn ask them to build molecules with a tangible balls-andsticks model typically used in chemistry classes (Figure 1 ). Pictures taken from the models allow users to 'scan' these models and progress in the game. To progress in the game the students need to build molecules and take a picture of them to 'import' them in the numeric part of the game, if they have built the correct molecule. Without going into an exhaustive description of the game some elements need to be described to understand the following analysis. Inspired by the concept of gameplay bricks (Djaouti, 2008) we will describe key elements/properties of the game. Many elements have been introduced for didactic reasons, and can be playful or not. The other elements are either: i) technical elements allowing the progres-sion in the game or interaction with the player; ii) "Gamification", i.e. the use of game design elements in non-game contexts (Deterding et al., 2011) . The various elements can be therefore broadly classified as follows:
Didactic
Non didactic Playful Playful didactic activity Gamification element
Not playful Exercise Technical element
The most straightforward category is that of non didactic elements. In Pangu, a few elements were included in the app because their properties had been anticipated to potentially increase the playfulness of the game. To analyse elements of playfulness we use the game dimensions defined by Garris and coworkers: Fantasy; Rules/Goals; Sensory Stimuli; Challenge; Mystery and Control (Garris, 2002) . We also refer to more broad system of 22 categories defined by Lucero and coworkers: Captivation, Challenge, Competition, Completion, Control, Cruelty, Discovery, Eroticism, Exploration, Expression, Fantasy, Fellowship, Humour, Nurture, Relaxation, Sensation, Simulation, Submission, Subversion, Suffering, Sympathy, and Thrill (Lucero, 2010) . The following gamification elements can be described:
• The atoms are represented with some 'face' associated with a different character for each element (Figure 1 ). This is obviously orthogonal to any physicochemical consideration but rather relates to the categories Fantasy (Garris) / Humor (Lucero) . This representation can also be assimilated to a rhetoric trait of the game and more specifically with a cute factor (Brougère, 2013) • Other art design, i.e. Music and success Animations, correspond to Sensory Stimuli (Garris), sensation (Lucero) .
• The players can make a collection of molecules which relates to Rules/Goals (Garris) and completion (Lucero) .
Didactic elements are more interesting in the context of this manuscript because while they are not meant to be playful but may be. In particular, the tangible construction material was introduced for didactic reasons, because it encodes geometric constraints of molecular construction. Indeed, it has been observed that understanding of atoms, molecules and chemical bonds can be improved with discussions around varied models/representations (Harrison, 2000) . However, the presence of the tangible construction material also relates Pangu to the category of pervasive games, which include alternate reality games, and cross-media games (Montola, 2005) .
Play Analysis/Observations
The analyses presented below were performed based on the use of the game in similar settings:
• During the rigole workshop (Taly, 2018a) at the FdV Bachelor in Paris Descartes University. A play test was organised to support the development of the game and filmed for communication reasons (October 2017).
• During the rigole workshop at the university of Sao Paulo, department of Pharmaceutical sciences in Ribeirao Preto (March 2018).
• During an outreach event (Conference of the European Citizen Science Association in Geneva, June 2018). This can be considered a double blind experiment: i) the event was moderated and recorded by Gaelle Guérin during her internship with the citizen science program Dito; ii) observations were made a posteriori.
• During the rigole workshop for high-school students at Paris Descartes University, department of Pharmaceutical sciences (July 2018).
To answer our questions it is necessary to look for behaviour that correspond to the definition of play presented above. Out of the five criteria some of them can probably be considered as always satisfied in our case: i.e. i) the behaviours reported below are spontaneous, satisfying the second criterion; ii) the players are participating voluntarily to a rather ludic workshop so the fifth criterion is probably satisfied (one exception will be presented below). We are therefore looking for behaviours that are not functional, i.e. which cannot be understood in the context of the game. These behaviours should be seen more than once. Below are presented the cases in which players, in addition to expected behaviours, used briefly the tangible material (models or drawings) like a toy rather than in the context of the game.
Manipulation
The first observation is that some students used a constructed molecule and manipulated it in a manner that cannot be understood in the context of the game, and is therefore interpreted as playful (Figure 2 ). This behaviour was seen twice: i)
first during a play test in Paris towards the end of the game ( Figure 2, top) ; ii) during the workshop in Brazil. It should be noted that in the latter case the student was not at the game stage anymore. The similarity is however suggestive of a repeated behaviour, which would lead to interpret it as playful.
A complementary observation occurred during the latest workshop with high school students. One student who was rather reluctant to play the game 1 , staying aside of his group. Later this student played with a molecule spinning it as a top.
Interestingly, he then participated in the resolution of the game. Figure 2 . Students using molecule models as a toy. Top: play test in Paris. Picture from the trailer (Taly, 2018b) . Bottom: Brazil workshop. Picture taken from a short movie (Taly, 2018c) .
Construction
The construction material can be used to build the molecules asked by the game but can also be used to construct any molecule. Players were seen to do so in two occasions:
• First, during the citizen science fair in Geneva a child used the material to construct rather random molecules. The child was with his father and while the father was playing the game he was aside and constructed "molecules" on his own (Figure 3 ).
• During the latest workshop with high school students some students used the chemistry kit to construct molecules outside of the game. In that case it was apparent that they were perfectly aware that the "molecules" were wrong and they were trying to make a big "monument". 
Playing with colour codes
Another intriguing observation, made both in Paris and Brazil, is that some groups chose not to use the conventional colour code but rather a more personal one. Indeed, the game starts by a calibration phase that has been used by students not to be limited to the conventional colour code. Only in one case, the students were asked for the reason of changing colours and, in that case, it was because pens were more convenient. However, we cannot exclude, and it is tempting to speculate, that in some instances it was for fun, i.e. in a form of transgression.
Conclusion
This study suggests that there is room for the emergence of play in a serious game, through the use of tangible material that can be used as a toy. This observation somewhat recapitulates the historical trend for the appearance of free play alongside directed play through construction instructions. Indeed, the same behaviour was observed with Froebel's Gift construction material: the construction was intended to be constrained by instructions to teacher, but it was observed that free play appeared alongside (Ginoulhiac, 2019) .
Another interesting observation is that the play behaviours are not necessarily detrimental to the serious objective. At least in one case it was even observed to serve the serious objective! workshops, gave feedback on the game and allowed recording of their play sessions they participated in.
